Abstract
Introduction
In a recent study initiated by the US Department of Energy (DOE) 1 , the effects of increasing dependence on wind energy to 20% of the total generation of electricity by 2030 are evaluated. The study is relatively positive about this scenario and states:
Until recently, concerns had been prevalent in the electric utility sector about the difficulty and costs of dealing with the variability and uncertainty of energy production from wind plants and other weather-driven renewable technologies. But utility engineers in some parts of the United States now have extensive experience with wind plant impacts, and their analyses of these impacts have helped to reduce these concerns…… wind's variability is being accommodated, and given optimistic assumptions, studies suggest the cost impact could be as little as the current level -10% or less of the value of the wind energy generated.
The DOE study focuses on the initial capital cost of installing the wind capacity and upgrading the transmission network and compares these costs to the lower operating costs when wind energy displaces fossil fuels. The objective of this paper is to show that there are other, hidden costs of wind power associated with the need to maintain the "Financial Adequacy" of conventional generating capacity. Since wind capacity is essentially a non-dispatchable source of energy, it contributes relatively little capacity for meeting the reliability standard of "Generation Adequacy". Nevertheless, wind generation, when it is available, is essentially free and it displaces most conventional sources of generation. As a result, the capacity factors of conventional generators are typically reduced when wind capacity is added. This happens even though the total amount of conventional capacity needed to maintain reliability may actually increase. Consequently, these conditions lead to increasing amounts of "missing money" for generators that are generally paid through some form of Capacity Market 3 This paper argues that "Financial Adequacy" should be treated as an additional criterion for planning purposes that would complement the standard engineering criterion of maintaining "System Adequacy".
The case study presented shows that the total system costs charged to customers increase if a new wind farm replaces an existing coal unit on a network. With the wind farm in place, the increase in missing money is larger than the decrease in total operating costs in the Wholesale Market. For an investment to be economically viable from an economic planning perspective, the total annual cost of maintaining the existing system must go down and this decease in cost must be bigger than the annualized cost of financing the investment. If some form of storage capability such as a battery mitigates the variability of wind generation, the total annual cost of the existing system does decrease. The battery charges when the wind speed is higher than the forecast and discharges when it is lower than the forecast, and in this way, the net wind generation is smoothed over time. As a result, there is an effective floor on the amount of generation from wind capacity when the indirect generation from discharging the battery is included. The presence of this floor reduces the total amount of conventional generating capacity that is needed to meet the peak system load and maintain System Adequacy, and as a result, the amount of missing money is also reduced. In addition, the total amount of wind that is spilled (i.e. wasted) is reduced when batteries are coupled with the wind farm 4 .
The overall objectives of the paper are to demonstrate through a case study 1) why Financial Adequacy is an important concept that should be considered by system planners, 2) why the social value of storage and controllable load increases when intermittent sources of generation are added to a network, and 3) how the cost of missing money to 2 Some "energy only" markets do not have a Capacity Market, and some other way of maintaining the financial viability of conventional generators, such as tolerating high, "scarcity" prices, is used. 3 Figures 10 and 11 on p. 15 of "2007 State of the Market Report, New York ISO" .http://www.nyiso.com/public/documents/studies_reports /market_advisor_reports.jsp 4 In one of the scenarios, "must-take" contracts for wind generation are evaluated by making the cost of not using available wind generation expensive, and in this scenario, the total annual system cost of maintaining System Adequacy is substantially higher than the corresponding cost without the wind farm. customers differs between a regulated and a deregulated market. The structure of the paper includes four additional sections. Section 2 describes the SuperOPF and shows how this analytical framework relates to the NERC standards for Operating Reliability and System Adequacy. Section 3 presents the specifications for a case study that considers the effects of replacing a coal unit by a large wind farm with three times the installed capacity of the coal unit. Since the wind farm causes more congestion on the network when the wind blows, a series of additional scenarios show the effects of upgrading the capacity of a tie line to reduce this congestion. Since congestion rents on the network are treated as one source of income for transmission owners, reducing these rents implies that there will be more missing money that must be paid by customers outside the Wholesale Market to ensure that the transmission owners are financially viable. The missing money for both generators and transmission owners contributes to the total annual system cost of maintaining System Adequacy and Financial Adequacy. The results for all of the scenarios are presented in Section 4 and the implications of these results for the cost of missing money in a regulated and a deregulated market are discussed in Section 5. The overall conclusions of the analysis and some suggestions for regulators are summarized in Section 6.
NERC Reliability Standards and the SuperOPF
Federal legislators have formally recognized the importance of maintaining Operating Reliability in the Energy Policy Act of 2005 (EPACT05), and the major effect of this legislation is to give the Federal Energy Regulatory Commission (FERC) the overall authority to enforce reliability standards throughout the Eastern and Western Inter-Connections (see FERC [5] To simplify the concept of Operating Reliability, it is convenient to adopt a single measure, and the traditional NERC standard of one day in ten years for the Loss of Load Expectation (LOLE) is still treated by many regulators as the appropriate measure for the reliability of the bulk transmission system (i.e., this does not include outages of the local distribution systems caused, for example, by falling tree limbs and ice storms). Adequacy implies that past investments in the capacity of the electric delivery system must be sufficient to make the real-time operations meet the reliability standards. As a result, the Adequacy standard has important economic and financial implications that should be addressed by regulators in a more systematic and transparent way. In this paper, it is argued that a new criterion of "Financial Adequacy" should be treated as one of the standard measures used by system planners to evaluate the desirability of proposed changes to system capacity.
Chen et al. 7 have proposed an alternative way to determine the optimal dispatch and nodal prices in an energy-reserve market using "co-optimization" (CO-OPT). The proposed objective function minimizes the total expected cost (the combined production costs of energy and reserves) for a base case (intact system) and a specified set of credible contingencies (line-out, unitlost, and high load) with their corresponding probabilities of occurring. Using CO-OPT, the optimal pattern of reserves is determined endogenously and it adjusts to changes in the physical and market conditions of the network. For example, the amount of reserves needed typically increases after the addition of an intermittent source of generation from a wind farm. This framework corresponds to using a conventional n-1 contingency criterion to maintain Operating Reliability. In practice, the number of contingencies that affect the optimal dispatch is much smaller than the total number of contingencies. In other words, by covering a relatively small subset of critical contingencies, all of the remaining contingencies in the set can be covered without shedding load.
In the SuperOPF, the CO-OPT criterion is modified to include the cost of Load-Not-Served (LNS), and it also distinguishes between positive and negative reserves for both real and reactive power. A high Value Of Lost Load (VOLL) is specified as the price of LNS. In a conventional Security-Constrained OPF used by most System Operators, the n-1 contingencies are treated as "hard" constraints rather than as economic constraints as they are in the SuperOPF. 8 Increasing the stress on a network by, for example, increasing the peak system load over a planning horizon eventually causes load shedding, and typically, load shedding occurs first in one or more of the contingencies. Since the expected cost of LNS in a contingency is determined by multiplying a large VOLL by a small probability, the overall effect on the total expected system cost may be modest. From an economic planner's perspective, the standard of one day in ten years for the LOLE should correspond to equating a reduction in the expected annual cost of operating the system, including changes in the expected cost of LNS, with the annual cost of making an investment in additional capacity.
The following section describes the characteristics of the 30-bus test network used in the case study and the specifications for the simulations. The basic objective of this analysis is to evaluate the effects of replacing an existing coal unit by a large new wind farm. The initial amounts of installed capacity are sufficient to meet the standard for System Adequacy, and since wind generation is inherently intermittent, the installed capacity of the wind generators is substantially larger than the capacity of the coal unit. In addition, the analysis determines the economic benefit of upgrading a transmission tie line to transfer more wind generation from a remote location to an urban center.
The Scenarios Evaluated in the Case Study
The case study is based on a 30-bus test network that has been used extensively in our research to test the performance of different market designs using the MATPOWER platform. The one-line-diagram of this network is shown in Figure 1 below. The 30 nodes and the 39 lines are numbered in Figure 1 and this numbering scheme provides the key to identifying the locations of the specific contingencies described in the following discussion. In addition, the six generators are also identified. The network is divided into three regions, Areas 1 -3, and Area 1 represents an urban load center with a large load, a high VOLL and expensive sources of local generation from Generators 1 and 2. The other two regions are rural with relatively small loads, low VOLLs and relatively inexpensive sources of generation from Generators 3 -6. Consequently, an economically efficient dispatch uses the inexpensive generation in Areas 2 and 3 to cover the local loads and as much of the loads in Area 1 as possible. 
The Test Network

The Realizations of Wind Generation
There are three different forecasts of the level of wind generation (high, medium and low), and each forecast has four possible outcomes, summarized for NORMAL Wind in Table 1 . With no wind capacity installed, the contingency k = 0 corresponds to the intact system using the forecasted level of load (i.e. the network shown in Figure 1 ).
The analysis that underlies the information presented in Table 1 has three components that are described in a paper by Anderson and Cardell. 10 The first component is a set of time-series data for hourly wind speeds at a specific location (in New England for this case study). The second component is an ARMA model for predicting wind speed (one hour ahead for this case study), and finally, there is a power curve for a wind turbine that converts a given wind speed to the amount of energy generated (wind turbines are also specified as a potential source of positive reactive power in the SuperOPF). (and NASTY Wind) , and they represent the effect of coupling batteries with the wind farm to reduce the range of outcomes for a given forecast of wind speed and to provide a floor > 0 to the amount generated.
An important point that underlies the levels of generation in Column 3 of Table 1 is that the ranges of observed wind speeds for each wind forecast (Low, Medium or High) are much larger than the range of the forecasted wind speeds that define each bin. Consequently, the ranges of generation for a given wind forecast are also very large. The outcomes for a High wind forecast are the most challenging for System Operators because there is a substantial probability of 14% that the turbines will cut out at very high wind speeds (>25meters/second) to avoid damaging the equipment. Hence, the distribution of wind speeds is bimodal with modes at 0% and 100% of the maximum level of generation 11 . The following four different Cases for wind generation are considered: 1) NO Wind; with a 35 MW coal unit installed at Generator 6, 2) NORMAL Wind; with the coal unit replaced by 105MW of wind capacity, using the wind speed specifications in Table 1 and zero for the offer price in the wholesale auction, 3) NICE Wind; the same as Case 2 with a different set of specifications for the realizations of wind generation (see Table 1 ) that represent the net effect of coupling wind generation with storage batteries 12 , 4) NASTY Wind; the same as Case 2 with the offer price in the wholesale auction set to -$1,500/MWh to "force" the acceptance of wind generation in the auction and represent a "Must-Take" form of contract between the wind farm and the System Operator.
In addition, the same four Cases are rerun after making an upgrade to Transmission Line L15 in Figure  1 . This upgrade doubles the transfer capacity of the main tie line linking the wind farm in Area 2 to the urban center in Area 1. These Cases are referred to as Case 1UP, Case 2UP, etc.
Results for the Wholesale Market
The results presented in this section summarize the economic costs for the network shown in Figure 1 of meeting the same annual pattern of load for the eight different scenarios discussed in the previous section. For this analysis, it is assumed that the wholesale market is deregulated. The main questions of interest in this section are 1) how much generating capacity is needed to maintain System Adequacy, and 2) what happens to the wholesale prices and operating costs.
The four different types of wind generation considered are NO Wind, NORMAL Wind, NICE Wind (i.e. wind generation coupled with storage) and NASTY 11 These extreme specifications are used on purpose in this case study to provide stress on the network when wind capacity is installed. In practice, there may be a substantial amount of smoothing of total wind generation from wind farms located in different regions of a network. 12 The rationale for Case 3 is that the batteries are charged when the realized wind speed is high and they are discharged when the wind speed is low, and most importantly, when the wind turbines cutout for safety reasons at very high wind speeds.
Wind (i.e. must-take contracts for wind generation), and the order of the eight scenarios is: For each scenario, the reported annual costs are the sums over 100 load levels of the expectation of the costs for the three forecasts of wind speed shown in Table 1 using the second-stage optimization of the SuperOPF. 13 The key results for the eight scenarios are presented in Table 2 . The first row (Load Paid) shows that the annual payments made by customers in the wholesale market are substantially lower than the NO Wind scenario (Cases 1 and 2) for all of the wind scenarios except Case 4 (NASTY Wind). These cost reductions represent the displacement of fossil fuels by wind generation whenever the wind blows, and at low loads, the expected generation from wind is the dominant source. For NICE Wind with the upgraded tie line (Case 3UP), the customers only pay one sixth of the corresponding cost with NO wind (Case 1) in the wholesale market. Wind also displaces fossil fuels in the Case 4, and the high wholesale prices paid by customers are caused by the increased cost of dealing with congestion on the network. The generally lower wholesale costs of purchases with wind generation in Table 2 contrast with the amounts of conventional generating capacity needed for System Adequacy (Gen Capacity Needed). The 13 In other words, the expected costs are computed for the 18 different contingencies for each one of the three forecasts of wind speed. 14 When wind generation is the dominant source at low loads, it is difficult to accommodate this generation on the network because so much of the total generation is produced at a single node. With a must-take contract in Case 4, there is an economic penalty for not using all of the available generation from wind even though this source increases the marginal production cost substantially and this marginal cost sets the market price in a uniform price auction. capacity needed is roughly the same with NORMAL Wind (Cases 2 and 2UP) as it is with NO Wind (Cases 1 and 1UP), and it is even higher with NASTY Wind (Cases 4 and 4UP). It is only with NICE Wind that the capacity needed is substantially lower (Cases 3 and 3UP). The underlying reason is that the storage capacity coupled with wind generation in Cases 3 and 3UP provides a floor on the minimum generation of 35 MW from the wind farm, including the effect of the cutout contingency at very high wind speeds. In addition, less of the potential wind generation is spilled.
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Even though the production cost and price offer of wind generation is set to zero for NORMAL Wind, the maximum amount of wind capacity dispatched (Max Wind Committed) is only 35MW compared to the true maximum of 105MW because of the high cost of covering the contingency when the wind turbines cutout. More wind generation can be used economically when the tie line is upgraded (Case 2UP) or if storage capacity is coupled with the wind generation (Cases 3 and 3UP). However, the amount of wind capacity that is dispatched is not really limited by the physical capacity of the network. In Cases 4 and 4UP with must-take contracts, all 105MW of wind capacity are dispatched but the consequence is that customers have to pay a lot more in the wholesale market for congestion and a lot more to maintain System Adequacy.
The overall cost of purchases in the wholesale market for the different scenarios is summarized in Figure 2 . For NO Wind in Case 1, the total cost to customers is relatively high and most of this total is Net Revenue for the conventional generators above their true operating costs. The Operating Costs make up about one fifth of the total payments. A small payment in Case 1 goes to Congestion Rents (the difference between the payments by customers and the payments to generators) but with the tie line upgrade in Case 1UP, the Congestion Rents are negative. With NORMAL Wind and NICE Wind, the total payments drop substantially compared to NO Wind, and most of the reductions come from much lower Net Revenues for the conventional generators. The Net Revenue for the wind generators is relatively small. The results for NASTY Wind are very different. Operating Costs and the Net Revenue for the conventional generators are both higher than they are in Case 1 unless the tie line is upgraded in Case 4UP.
Accommodating large quantities of unmitigated wind generation on the network is expensive and does not benefit customers. It is interesting to note that the Net Revenue for wind generators is still relatively small.
The sum of the Net Revenues earned by the conventional generators and the Congestion Rent is the Operating Surplus in the wholesale market, and this quantity represents the amount of money available to cover capital costs. In the same way, the Net Revenue for the wind generator can be used to cover the investment in the wind farm. Using NO Wind (Case 1) as the base for comparison, the Operating Surplus is much lower for NORMAL and NICE Wind (Cases 2 and 3) and slightly higher for NASTY Wind (Case 4). The Operating Cost in Case 4 is high because the mix of generating capacity dispatched is very different from the least-cost merit order due to network constraints and congestion.
In all four cases, upgrading the tie line reduces the Operating Cost and makes it possible to rely more on the inexpensive sources of generation. 
Determining the Amount of Missing Money
The final component of the analytical framework is to describe how much missing money is required by generators above their annual earnings in the Wholesale Market to ensure that they are financially viable. This is the main implication of requiring that an electric delivery system should maintain Financial Adequacy as well as Physical Adequacy. In addition, changes in the amount of congestion rents collected by the System Operator in the Wholesale Market affect how much additional money is needed to pay transmission owners a regulated rate of return on their capital investment in transmission and distribution. Even though the total payment made to transmission owners is the same in all scenarios, the proportion of this amount coming from congestion rents is determined in the analysis.
Under a regulated regime, the rates charged to customers are set so that utilities receive enough revenue to cover all operating costs and a fair rate of return of and on the depreciated book value of the capital assets that are considered by the regulators to be "used and useful". This procedure is assumed to still be the appropriate method of paying for , and 2) payments for capacity in a Capacity Market if such a market exists. These generators expect to earn a market rate of return on the market value of their generating assets. Given the physical durability of conventional generating units relative to the standard regulatory accounting rates of depreciation, the market value of conventional capacity is typically substantially higher than the book value would have been under continuous regulation 16 . This is a major additional cost that should be compared with any gains in economic efficiency in the Wholesale Market that lower operating costs.
The amount of missing money for a conventional generator is determined by specifying the minimum annual earnings needed to maintain its Financial Adequacy. In a deregulated market, it is assumed that the minimum annual earnings above the annual operating costs correspond to the replacement value for each generating unit. The values used in the analysis are shown in Table 3 . As long as the annual earnings in the Wholesale Market are bigger than the minimum earnings, the generating unit meets the standard of Financial Adequacy and there is no missing money. On the other hand, if the annual earnings in the Wholesale Market are less than the minimum earnings, the difference between the minimum earnings and the actual 15 These payments may also be made through forward contracts, but the contract prices will still reflect the expectations of traders about future prices in the Wholesale Market. In addition, there may be bilateral contracts that include two-part payments for energy, or an ancillary service, and for capacity. 16 The late Mike Rothkopf was one of the few economists to raise this issue as an important reason for being skeptical about the widely held belief among academics and regulators that deregulating electric utilities would benefit customers. See Michael H. Rothkopf, "Dealing with Failed Deregulation: What Would Price C. Watts Do?" The Electricity Journal 20(7), pp. 10-16, July-August 2007. earnings measures the amount of missing money. Dividing the amount of missing money by the amount of generating capacity needed for System Adequacy gives the minimum price of capacity ($/MW/Year) needed for Financial Adequacy. In other words, as long as the price paid in a Capacity Market is larger than the minimum price for every conventional generating unit, it is big enough to maintain Financial Adequacy.
The final step in the calculation of the total amount of missing money for conventional generators is to specify a structure for the Capacity Market. It is assumed, following the structure of the market in New York, that the Capacity Market is divided into two regions; Area 1, the urban region, Areas 2 and 3, the rural region.
Each region sets its own capacity price and this price is equal to the highest of the minimum capacity prices needed for Financial Adequacy for all of the generating units in a region. The market price is paid for all of the generating capacity in a region that is needed to meet the peak system load and maintain System Adequacy.
This procedure follows the standard practice used to make payments in a uniform price auction.
The simplest type of missing money is for transmission owners. It is assumed for all scenarios that transmission owners received $30 million/Year to cover all of their costs for the existing network including the annualized capital costs. Part of this total is paid by the Congestion Surplus in the wholesale market (see Figure 2 ) and the remaining part corresponds to the missing money. For scenarios in which the ISO pays more to generators than the amount received from customers, the Congestion Surplus is negative and the corresponding missing money will be larger than $30 million/Year. However, customers still pay the same total cost of transmission and the only feature that changes from scenario to scenario is the amount of money contributed in the wholesale market. For generators, the situation is more complicated because the amount of conventional generating capacity needed for reliability purposes varies from scenario to scenario as well as the total annual operating costs. Nevertheless, the total annualized capital cost of the conventional generating units is paid in a similar way to the payments for transmission. Some of the money comes from the wholesale market (Gen Net Revenue in Figure 2 ) and the rest is paid as missing money through a Capacity Market. The calculations for determining the amount of missing money in a deregulated market are illustrated in Table 3 for the NO Wind scenario.
The steps used to calculate the payments for capacity outlined in Table 3 were completed for each scenario. These payments together with the payments to transmission owners are added to the Total Annual Operating Costs to give the Total Annual System Cost charged directly in the wholesale market and indirectly as missing money to customers.
In contrast, an ideal regulated market would have regulators set the rates paid by customers to cover all of the prudent operating costs and capital costs of the conventional generators. These rates typically would include fixed rates for energy and possibly for capacity for some customers, and real time rates and capacity rates for other customers. However, the effects of different rate structures on load are ignored for all scenarios in this paper and the focus is on the differences in Total Annual System Costs for the same annual pattern of load. The main differences in a regulated market from the procedures used for a deregulated market in Table 3 are 1) the Minimum Earnings/MW in Column 1 are determined by the book value of capital rather than the market value, and 2) the capacity payments cover the missing money for each unit in Column 6 and would also confiscate excess profits (i.e. positive differences in Column 5). In other words, even if the lower book values in Column 1 are ignored, the customers would only pay $23 million/Year (Column 6) under regulation rather than $40 million/Year (Column 8) in a Capacity Market.
In the next section, The Total Annual System Costs paid by customers are calculated for the eight wind scenarios for the following three types of market (note that the component costs for a given wind scenario in the wholesale market in Figure 2 are the same in all three markets) 17 : 1) Mkt1: Deregulated Market paying the missing money through a Capacity Market (i.e. like Table  3) , 2) Mkt2: Pay the missing money only (i.e. pay Column 6 instead of Column 8 in Table 3 ), 3) Mkt3: Regulated Market paying legitimate capital costs using a book value equivalent to 50% of the market value (i.e. pay Column 5 using 50% of the values in Column 1 of Table 3 ).
Total Annual System Costs in Different Markets
Typically, generating units in an economically efficient market do not receive enough net revenue in the wholesale market to maintain Financial Adequacy. The mechanism for paying the cost of capital for generating units in the three different markets is similar to the way that transmission owners are paid 18 . The income needed for Financial Adequacy comes from both the Net Revenue in the wholesale market and the missing money. In Mkt2, the missing money is paid directly to individual generators. In a deregulated market (Mkt1), the missing money is paid indirectly through a Capacity Market that results in higher payments than Mkt2. The main difference between Mkt2 and the Regulated Market (Mkt3) is that the Minimum Earnings/MW for the individual generating units is only half as big as it is in the other two markets.
In all three markets, if the levels of the different types of generating capacity needed for System Adequacy remain the same, the generators' capital costs also stay the same. Lower earnings in the wholesale market are simply offset by higher payments for missing money.
19 Hence, the only effective ways to reduce the total annual payments to generators for capital costs in a given market are 1) to reduce the amount of conventional capacity needed for System Adequacy, and, to a lesser extent, 2) to change the mix of generating units needed for System Adequacy. Figure 3 summarizes the overall results of the analysis for the three different markets by showing the composition of the Total Annual Systems Costs for the four wind scenarios with no tie line upgrade. The first three components (the lowest three) are the Operating Costs, the Generator Net Revenue and the Wind Net Revenue. For each wind scenario, the operating costs 18 The fact that most of the generating units do need additional earnings is consistent with a competitive wholesale market. If all offer prices in the wholesale auction equal the true marginal operating costs and the combination of different types of generation is economically efficient, all generating units would have the same amount of missing money/MW equal to the capital cost of the most expensive peaking unit. 19 In a Regulated Market (Mkt3), the payments are not actually made in two parts but the rates paid by customers would be set high enough to cover all of the operating and capital costs. are identical for the three different markets and the payments for missing money are highest in a deregulated market (Mkt1) and lowest in a regulated market (Mkt3). The payments made to generators in the wholesale market are substantially lower with NORMAL and NICE Wind (Cases 2 and 3) compared to NO Wind (Case 1), but this reduction for NORMAL Wind is effectively offset by the increase in the amount of missing money paid to the conventional generators. This missing money is lower for NICE Wind because less generating capacity is needed to maintain System Adequacy, and as a result, the Total Annual System Cost is also lower.
20 For NASTY Wind (Case 4), both the Operating Costs and the missing money for conventional generators are higher than the corresponding values for NO Wind.
The main conclusion is that focusing on a reduction in the average wholesale price when wind capacity is introduced into a deregulated market in Figure 2 can be very misleading unless the effects on the missing money needed by the conventional generators and transmission owners is also considered. The underlying reason for calculating the Total Annual System Costs is to determine the viability of making investments in wind capacity and in upgrading a tie line. The economic justification for making an investment corresponds to having a reduction in the Total Annual System Costs that is bigger than the annual capital cost of financing the investment. The Total Annual System Costs for NO Wind are $139, $122 and $114million/Year for Mkt1, Mkt2 and Mkt3, respectively, and Table 4 summarizes the savings in the Total Annual System Costs for a given market from investing in the three different wind scenarios (Cases 2-4) compared to NO Wind (Case 1). For all three markets, the savings for NASTY Wind (Case 4) are negative and there is no economic justification for 20 The total payments made to transmission owners are the same in all scenarios and the payments to wind generators and the costs of shedding load are always relatively small. making this investment. For NORMAL Wind (Case 2) and NICE Wind (Case3), the savings are highest and positive in a regulated market (Mkt1) and lowest, and slightly negative for NORMAL Wind, in a deregulated market (Mkt1).
Finally, the additional savings comparing NICE Wind to NORMAL Wind measures the value of having storage capacity mitigate wind variability. This value is smallest in a regulated market because the price of conventional capacity (missing money/MW) is lower than it is in the other two markets. Table 5 summarizes the savings in the Total Annual System Costs from upgrading the tie line for Cases 1 -4 in the three different markets. The savings from the upgrade are computed for each combination of wind scenario and market. In a deregulated market (Mkt1), the savings are positive in all four wind scenarios. The largest savings are for NASTY Wind (Case 4) because of the need to accommodate the maximum 105MW of wind generation under a musttake contract. The savings are smallest for NICE Wind (Case 3) because the storage capacity effectively reduces the maximum wind generation put on the network (i.e. at high wind speeds, some wind generation is used locally to charge the battery). In fact, the savings from upgrading the tie line are negative in Mkt2 and Mkt3 for NICE Wind. The savings from the upgrade are also negative in Mkt2 and Mkt3 for NO Wind (Case 1). Comparing the results for NICE Wind and NASTY Wind demonstrates that coupling storage capacity with wind generation is in effect a substitute for adding transmission capacity. Once again, using the changes in the Annual Operating Costs of the conventional generators as a guide for determining the benefit of additional transmission capacity may be highly misleading. 
Conclusions
This paper considers the practical need of determining which generating units will be needed on a network to maintain reliability and how to keep them financially viable. The overall recommendation of the paper is to propose that Financial Adequacy should be considered as an additional criterion for planning purposes in deregulated markets. The specific objectives of this paper are to demonstrate why it is important when evaluating different wind scenarios to 1) determine the amount of conventional generating capacity needed to maintain System Adequacy endogenously, and 2) evaluate the economic effects of wind generation on the financial viability of these conventional generators. The first objective addresses the physical nature of System Adequacy, and it is accomplished using the co-optimization capabilities of the SuperOPF. The endogenous amounts of generating capacity needed to meet the same peak system load in different scenarios can vary substantially, and these different amounts of capacity define the requirements for maintaining System Adequacy on a given network. In general, the total amount of conventional generating capacity needed (dispatched capacity plus upward reserve capacity) may increase when a variable source like wind generation replaces conventional generation. This can occur even when the generation from wind displaces a substantial portion of the conventional generation.
Meeting the second objective is accomplished by determining the total annual earnings above the operating costs for individual generating units in a wholesale market. These earnings are compared with specified minimum levels of earnings, and if the actual amount earned for any generating unit is less than the corresponding minimum level, there is "missing money", implying that an additional source of income is needed to maintain the Financial Adequacy of that unit. Three different types of market are considered to calculate the payments made for the missing money. Mkt1 is a deregulated market that has the highest payments because 1) the missing money is determined using the market value of the generating units, and 2) the payments made in a capacity market set the capacity price at the highest amount of missing money/MW for any generating unit. Mkt2 is the same as Mkt1 except the payment corresponds to the actual missing money needed for each generating unit (i.e. there is no capacity market and the implicit price for capacity paid is not the same for every generating unit). Mkt3 is a regulated market that has the lowest payments because 1) the missing money is determined by the depreciated book value of the generating units rather than the market value, and 2) generators are paid only for legitimate capital costs (i.e. similar to Mkt2).
For each type of market, the overall implication of evaluating the Financial Adequacy for generators is that if a unit needs missing money, reducing the earnings of the unit in the wholesale market simply increases the amount of missing money needed. In terms of the annual earnings, it is a zero-sum game. Since adding wind capacity to a network will tend to lower the earnings of the conventional generators in the wholesale market, these lower earnings will be offset to a large extent by higher amounts of missing money.
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The real net benefits associated with adding wind capacity to and/or upgrading transmission for a network come from the following three sources: 1) Reducing the real operating costs (e.g. for fossil fuels) of the conventional generating units, 2) Reducing the total amount of conventional generating capacity needed to maintain System Adequacy, 3) Reducing the excess profits of the conventional generators.
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The message for the State regulators who oversee deregulated markets is that it may be very misleading to interpret reductions in the average prices in a wholesale market as indicative of positive net benefits for the network. In some of the scenarios considered in this paper, the annual payment in the wholesale market decreases at the same time that the Total Annual System Cost increases. For planning purposes, it is essential to consider the Financial Adequacy of the conventional generators as well as the wholesale prices when evaluating the economic net benefits of adding wind capacity to and/or upgrading transmission for a network.
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